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Starch is a storage glucan comprising -1,4-linked D-glucose main chains and maltooligosaccharides and starch producing glucose, i.e., the former enzyme produces 63 -glucose and the latter produces -glucose (Chiba, 1997) . In mammals, dietary starch 64 is degraded to maltooligosaccharides and limited dextrin by salivary and pancreatic 65 -amylases. Then, these degradation products are degraded by intestinal 66 maltase-glucoamylase and sucrase-isomaltase and converted to blood glucose (Gray, 67 1992 ). On the other hand, the starch metabolic mechanism has not been so well abalone Haliotis discus hannai (Kumagai et al., 2013) . These enzymes degraded starch 73 producing maltooligosaccharide; however, they could not produce glucose. We recently 74 noticed that the digestive fluid of abalone showed high glucose-producing activity. This In the present study, we isolated the -glucosidase-like enzyme form the digestive 81 fluid of H. discus hannai and characterized its basic properties and primary structure.
82
Accordingly, we identified this enzyme as a maltase-like -glucosidase belonging to the 83 glycosid-hydrolase-family31. The -glucosidase-like enzyme, named HdAgl in the present study, was purified with the specific activity 9.34 U/mg (Table 1) . Total RNA was extracted from the hepatopancreas of abalone by the guanidinium 210 thiocyanate-phenol method (Chomczynski and Sacchi, 1987 respectively ( Fig. 3A and B) . The temperature that caused a half inactivation of HdAgl 237 during 30 min incubation was found at around 48°C (Fig. 3C ). HdAgl did not require 238 the presence of NaCl for the activity and showed practically no NaCl-concentration 239 dependence (Fig. 3D ).
240
HdAgl released glucose from starch producing no intermediate oligosaccharides 241 (Fig. 4) . When maltooligosaccharides were degraded, HdAgl produced glucose and 242 oligosaccharides that were one-glucose unit smaller than the substrates in the previous 243 steps (Fig .4) . These results indicated that HdAgl acted as exolytically toward the noteworthy that the oligosaccharides which were one glucose unit larger than the 249 original substrates were produced by HdAgl in 10-60 min reaction (Fig .4) . These
250
suggest that HdAgl possesses transglycosylation activity that is known as a 251 characteristic property for retaining enzymes (Chiba, 1997) .
252
HdAgl preferably degraded smaller substrates like maltose and maltotriose than 253 larger substrates (Table 2) . Namely, the activities toward maltotetraose-maltohexaose
254
were approximately 75% of that for maltose ( Agl-cDNA1 (Table 3) . By using these primers, Agl-3RACE-cDNA (1463 bp) covering 
Enzymatic properties of HdAgl

351
The molecular mass of HdAgl was estimated to be 97 kDa by SDS-PAGE. HdAgl
352
showed optimal temperature and pH at around 50 o C and 3.8-5.5, respectively.
353
Since HdAgl directly released glucose from starch, this enzyme was considered to 354 be an -glucosidase or a glucoamylase. However, HdAgl showed transglycosylation 355 activity which is a characteristic property in retaining-type enzymes like -glucosidase.
356
While glucoamylase acts in an inverting manner and does not catalyze 357 transglycosylation. Therefore, we regarded HdAgl as an -glucosidase.
358
HdAgl hardly degraded -pNPG; however, it most efficiently degraded maltose
359
and maltotriose and showed 30% activity toward starch compared with that to maltose.
360
Accordingly, HdAgl was considered to be a maltase-like -glucosidase that recognizes 361 the terminal maltoside structure of substrates and hydrolyzed -1,4-glycoside linkage of 362 the maltose unit (Chiba, 1988) . HdAgl appeared to act on the non-reducing terminus of Met was predicted as the secretion signal peptide region of this enzyme (Fig. 7) . This of HdAmy58 (0.03 U/ml) (data not shown).
402
In the present study, we confirmed that the abalone digestive fluid contained 
